This paper investigates aggregate bankruptcies in Japan, with a particular focus on revealing the dynamic characteristics of the series. For this purpose, we estimate a vector autoregression comprised of five economic variables and the bankruptcy rate, and construct its impulse responses. The estimation results show expected and consistent relationships between economic shocks and aggregate bankruptcies: in particular, a positive shock in the call rate clearly raises the bankruptcy rate. Our results further imply that changes in the bankruptcy rate reflect the accumulated impact of various shocks in the present and past, to which it has a distinct response structure.
Methodology and Variables
The vector autoregression has been popular in economic analysis since the seminal work of Sims (1980) . The most standard (reduced-form) expression of the vector autoregression is written as: Based on the estimated parameters, we can construct impulse response functions, which are defined as the response of an element of x t at time t + s (s = 0, 1, 2,…) to a one-time shock in the element of x t at time t. Plotting impulse responses is a practical way to visually show and examine dynamic behaviors of time series variables in response to the various shocks.
Here, we suppose the disturbances are rewritten as the combination of fundamental shocks by A 0 u t = e t , where e t is a vector of fundamental (uncorrelated) shocks, and A 0 is an ) ( n n × invertible matrix. A standard way to identify the system and extract the effects of fundamental shocks is to impose a recursive structure on the matrix A 0 ; that is, to assume A 0 as a lower triangular matrix with unit diagonal elements. This paper follows this Cholesky decomposition approach, though it requires us to define the ordering of variables.
The core advantage of the vector autoregression is that all variables are (potentially) treated as endogenous variables, and the relationships between them are unrestricted before estimation. Sims (1980) proposed the model as a potent alternative to large-scale macroeconomic models, and since then it has been a key methodology in macroeconomic analysis. Furthermore, the framework has evolved in diverse directions (e.g., Litterman, 1986; Blanchard and Quah, 1989; Bernanke et al., 2005; and Uhlig, 2005) . For Japan's economy, there are a lot of studies that applied these original or modified vector autoregressions (e.g., Shioji, the lack of the data in the 93SNA for the period. For the call rate, we use the collateralized overnight rate (percent per annum) as a proxy of the policy interest rate, which is obtained from the Bank of Japan's official statistics for the entire estimation period. 7 To our knowledge, the vector autoregression comprising aggregate output, price level, and policy interest rate is a core choice for standard modeling (see the literature mentioned above). This paper follows this approach. 8, 9 To represent business conditions in the corporate sector, we use two financial variables in the model: the ordinary profit rate and the quick assets ratio. Although the FSSC covers corporations, the paid-up capital of which is greater than or equal to 10 million yen, we assume the results of the survey as a proxy for the entire corporate sector.
The discontinuity in the survey because of the annual renewal of sampled firms has been raised as an issue and attempts have been made to overcome the problem (cf., Ogawa et al., 1994; Ogawa, 2000 and 2002; and Miyagawa et al., 2006) . However, this paper does not make any adjustment because we use ratio variables, the numerator and denominator of which are constructed from the FSSC results surveyed in the same period, and thus the discontinuity seems to be less problematic.
The ordinary profit rate is adopted to represent the profitability of the corporations. It 7 Meanwhile, the uncollateralized rate can be obtained only from June 1985 (at the establishment of the market). 8 To be exact, a larger number of the previous studies use monthly data. However, this paper uses quarterly data because we intend to use the results of the FSSC, which is published quarterly. 9 A possible alternative for modeling is to add a variable for the money supply or the outstanding amount of bank loans. However, we omit it for the model because we use a more direct measure of the monetary policy (call rate) and of the liquidity of the corporate sector (quick assets ratio). 10 The indicator compresses financial information on the balance sheet of the business for both assets and liabilities. We seasonally adjusted the two variables using the Census X12
procedure. Figure 3 shows the results of the two variables; the ordinary profit rate and the quick assets ratio. ***** Figure 3 *****
Estimation and Impulse Responses
Using these economic variables and the bankruptcy rate, we estimate a vector autoregression.
The lag order q is set to four because we are undertaking quarterly analysis. Real GDP and the GDP deflator are converted to natural logarithms and multiplied by 100. All variables are used in level, not in difference. To identify the fundamental shocks, as above, we apply the Cholesky decomposition approach. The Cholesky ordering of variables is set as follows: call rate (r), price (p), output (y), profit rate, quick assets ratio, and bankruptcy rate. The ordering is based on the recursive orthogonalization by Sims (1992) and Miyao (2000 and 2002) . 10 All of the terms in the quick assets ratio are constructed by the average of the amount at the end of the period and the one at the end of the previous period, both of which are obtained from the FSSC results surveyed at the same time. In general, the figure shows expected and consistent relationships between economic shocks and each variable. In particular, a positive shock in the call rate depresses total output, ordinary profit rate and quick assets ratio, and most importantly, raises the bankruptcy rate, that is, the aggregate probability of bankruptcy (column 1 of Figure 4 ). The results indicate that a monetary tightening shock exerts clear negative effects on these variables. Second, positive shocks in total output (column 3), ordinary profit rate (column 4) and quick assets ratio (column 5) show clear positive effects. These shocks stimulate the economic environment, the profitability and liquidity of the corporate sector, and depress the bankruptcy rate. In terms of the responses of the bankruptcy rate, these results indicate that a monetary tightening shock raises the bankruptcy rate, and that shocks in total output, profit rate and quick assets ratio depress it (row 5 of Figure 4 ).
However, in the figure, we find the appearance of the price puzzle; that is, the price level rises after a monetary tightening shock (row 1 of column 1). This is a relatively common result using the standard vector autoregression (Christiano et al., 1999) . The price puzzle is not solved in our model even by including additional variables such as an index of commodity prices, oil price, exchange rate, or corporate goods prices, which are incorporated into the previous models to (possibly) reduce it when the price puzzle appears. Furthermore, the responses to the shock in the price level are unclear (column 2).
We also checked that the results of impulse responses remain almost unchanged if we limit our sample period up to the first quarter of 2001 (i.e., 105 quarters). It means we limit the data period to just before the implementation of the quantitative easing policy by the Bank of Japan; which temporarily changed the target of monetary policy from the policy interest rate to the amount outstanding in the current accounts of financial institutions at the Bank of Japan.
As a supplementary analysis, we estimated a vector autoregression where the total amount of liabilities of bankrupt corporations replaces the bankruptcy rate, and constructed its impulse responses. The amount of liabilities is a possible alternative measure for evaluating the impacts of bankruptcies in relation to the economy. The results are summarized in the appendix,
showing similar response structures to those in this and the next section. In that sense, the presented relationships between the economy and aggregate bankruptcies are relatively robust.
Extension
This section extends the analysis to the industry level, and we examine differences in the responses among industries. We focus on three sectors: manufacturing, construction, and wholesale and retail trade. On average in the sample period, the number of corporate bankruptcies in manufacturing account for 18% of total corporate bankruptcies, construction 27%, and wholesale and retail trade 38%: the three sector combined account for 82% of the In principle, the industry-level responses are similar to those for the aggregate analysis in Figure 4 . For instance, a monetary tightening shock depresses the ordinary profit rate and quick assets ratio, and raises the bankruptcy rate (columns 1 of Figure 6 (a), (b) and (c)).
Positive shocks in total output, profit rate and quick assets ratio depress the bankruptcy rate (rows 3). The results indicate the potential similarity and robustness of the estimated structures of the economy, especially relating to the bankruptcy rate.
Meanwhile, for details of the results, the responses of the two financial variables to the shock in the call rate for the manufacturing sector are clear, relative to those for other sectors (rows 1 and 2 of columns 1). The responses of the profit rate differ across industries to a degree (rows 1). The timing of the peak of the response of the bankruptcy rate to the shock in the quick assets ratio for the construction sector is later than those for other sectors (rows 3 of columns 5).
In summary, while the basal similarities of sectors are illustrated, the details of the impacts show differences, which are informative.
Concluding Remarks
This paper highlighted the macro aspects of bankruptcies in Japan, and estimated vector autoregressions comprising five economic variables and the bankruptcy rate. The estimated impulse responses showed dynamic relationships between economic shocks and the bankruptcy rate. In particular, a positive shock in the call rate clearly raises the aggregate probability of bankruptcy, and shocks in total output, ordinary profit rate and quick assets ratio depress it. We also estimated industry-level models for manufacturing, construction, and wholesale and retail trade, which revealed fundamental similarities and showed differences in the details of the economic structure. Our results further imply that the change in the bankruptcy rate reflects the accumulated impact of various shocks in the present and past, to which aggregate bankruptcy has a distinct response structure.
Although the model and results in the paper are relatively simple, we can utilize them as a key benchmark for future studies. The specification and variables for the vector autoregression can be further developed to examine economic behavior from a different angle. It would be useful to incorporate the possibility of structural changes into the analysis (cf. Qu and Perron, 2007) . For instance, details of institutional and social systems have been transformed in the long run, and the Japanese economy experienced a prolonged stagnation after the bubble economy burst. Furthermore, our approach will make a contribution to the analysis of the Japanese business cycle. 
Appendix: Impulse responses in the total-liabilities model
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